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@ Method for producing benzylidene derivatives. 

@ A selective method for producing a given stereoisomeric benzylidene derivatives of the fomnula III : 

^ 




N-R 



A-B 



nr 



wherein R 1 and R 2 each independently is lower alkyl, lower alkoxy or halogen ; Y is S0 2 , SO or CO ; -A- is 
optionally substituted lower alkylene ; -B- is -CH^ or -O- ; or -A- and -B- taken together may form 
optionally substituted phenylene or optionally substituted lower alkenylene; and R is hydrogen, 
optionally substituted lower alkyl, cycioalkyl, lower alkoxy, hydroxy, optionally substituted aryl, 
optionally substituted arylaikyl; optionally substituted arylalkyloxy, heterocyclic ring or N-protecting 
groups, which comprises reacting a compound of the formula I : 



X 




wherein R 1 and R 2 are as defined above and X is lower alkoxy or halogen with a compound of the 
formula II : 
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^ N N-R II 
A— B 

wherein Y, -A-, -B- and R are as defined above in the presence of a base. 
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This invention relates to novel method for producing benzylidene derivatives which have an ability to sup- 
press the production of PGE 2 , LTB 4 and IL-1, and can be useful as excellent non-steroidal anti-inflammatory 
agents. 

Benzylidene derivatives represented by the following general formula III 

5 
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R 2 

wherein R 1 and R 2 each independently is lower alkyl, lower alkoxy or halogen; Y is S0 2 , SO or CO; -A- is op- 
15 tionally substituted lower alkylene; -B- is -CH2- or -O-; or -A- and -B- taken together may form optionally sub- 
stituted phenylene or optionally substituted lower alkenylene; and R is hydrogen, optionally substituted lower 
alkyl, cycloalkyl, lower alkoxy, hydroxy, optionally substituted aryl, optionally substituted arylalkyl; optionally 
substituted arylalkyloxy, heterocyclic ring or N-protecting group are known to include many pharmaceutically 
useful compounds. For example, it has been suggested that a compound of the formula III wherein -A- is 
20 -CH 2 CH 2 -, -B- is -O-, Y is CO, R is -CH 3( and R 1 and R 2 are both t-butyl can be useful as an anti-inflammatory 
agent with low ulcerogenic potential. Sung J. L et al., Drugs of the Future 17(1): 12-14 (1992); and S. Wong 
et al., Agents Actions 37: 90-98 (1992). It has also been found that a kind of benzylidene derivatives of the 
formula III have an ability to suppress the production of PGE 2 , LTB 4 and IL-1 in vitro and prevent edema with 
little damages of gastric mucosa in vivo, and can be excellent non-steroidal anti-inflammatory agents. There 
25 are disclosed in EP Appln. No. 93308369.3 (Publication No. 595546) corresponding to USP Appln. 
No.08/142,146. 

These benzylidene derivatives of the formula III can be prepared in a conventional manner, for example, 
according to the following reaction scheme. 
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CMe 3 

4 2 
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In the reaction scheme above, R is as defined above and R 3 is hydroxy-protecting group in EP Appln. No. 
55 93308369.3 (Publication No. 595546) 

Thus, hydroxy-protected 3,5-di-tert-butyl-4-hydroxybenzaldehyde 4 is reacted with y-sultam derivative 2 
under a condition for aldol reaction to obtain an aldol addition compound 5. The compound 5, when deprotected 
and dehydrated in the presence of an acid, gives the objective benzylidene derivative 3' as a mixture of ster- 
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eoisomers in (E>- and (Z) forms, which is then subjected to resolution, when a given isomer is desired. For 
example, a compound of the formula 3' wherein R is -CH 3 (5-(3,5-di-tert-butyl-4-hydroxyben2ylidene)-2-me- 
thyM,2-isothiazolidine-1, 1 -dioxide), when tested to evaluate inhibitory activity against the production of PGE 2 
in rat synovial membrane cells, against the production of LTB 4 in rat celiac cells, or against the production of 
5 IL-1 under LPS stimulation in THP-1 cells, showed different activities as follows. 





PGE 2 (Rat SVC) 


LTB 4 (Rat PEC) 


L-1 (THP-1) 


ICso^M) 


(E) 


<0.001 


2.8 


21 




(Z) 


<0.001 


1.8 


29 





The separation of isomers of compounds shown by the formula III, however, is difficult and requires trou- 
blesome procedures, which prevented the industrial production of the benzyiidene derivatives. Therefore, a 
novel method for producing compounds III, especially an isomer thereof, which is stereoselective and appli- 
cable to industrial processes, has been required to promote the development of medicinal drugs, especially 
steroidal anti-inflammatory agents. 

The present inventors have made intensive researches in order to establish a method for producing se- 
lectively a desired isomer of a compound of the formula III and found that a desired stereoisomer of high purity 
can be prepared in high yield by reacting a quinone methkJe compound and a nitrogen-containing heterocyclic 
compound in the presence of a base. 

Thus, the present invention provides a method for producing benzyiidene derivatives of the formula III, 
which comprises reacting a compound of the formula I: 



30 




wherein R 1 and R 2 each independently is lower alkyl, lower alkoxy or halogen; and X is lower alkoxy or halogen 
with a compound of the formula II: 

^ Y ^N-R II 
A-B 

wherein- Y-is S0 2 , SO or CO; -A- is optionally substituted lower alkylene; -B- is -CH2- or -O-; or -A- and -B- 
taken together may form optionally substituted phenylene or optionally substituted lower alkenylene; and R is 
hydrogen, optionally substituted lower alkyl, cycloalkyl, lower alkoxy, hydroxy, optionally substituted aryl, op- 
tionally substituted arylalkyl; optionally substituted arylalkyloxy, heterocyclic ring or N- protecting group in the 
presence of a base. 

According to the method of the present invention, a desired pharmaceutically active benzyiidene derivative 
of the formula III can be obtained in stereoselective manner by treating a quinone methide compound of the 
formula I (i.e., 4-rnethylene-2,5-cyclohexadienone derivative) substituted with a leaving group X with an anion 
prepared by treating a heterocyclic compound of the formula II with a base such as an organolithium compound. 

For purposes of the present invention, as disclosed and claimed herein, the following terms are defined 
below. 

The term lower alkyl" means straight or branched chain - C 8 alkyl, for example, methyl, ethyl, n- propyl, 
t-propyl, n-butyl, t-butyl, s- butyl, t-butyl, n-pentyl, i-pentyl, neopentyi, s-pentyl, t-pentyl, n-hexyl, neohexyi, i- 
hexyl, s-hexyt, t-hexyi, heptyi and octyl. Preferable lower alkyl groups are straight or branched chain - C 4 
alkyl and the most preferred are methyl or ethyl. 

The term "lower alkoxy" means straight or branched chain alkoxy of 1 to 6 carbon atoms, for example, me- 
thoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, n-pentytoxy, i-pentyloxy, neopen- 



4 




EP0 626 377 A1 



tyloxy, s-pentyloxy, t-pentyloxy, n-hexyloxy, neohexyloxy, i-hexyloxy, s-hexytoxy and t-hexyloxy. Preferable 
lower alkoxy groups are - C 3 alkoxy and the most preferred one is methoxy. 

The term "halogen" means fluorine, chlorine, bromine and iodine and the preferred one is chlorine. 

The term "lower alkylene" means a group formed by taking a hydrogen atom from each carbon at both 
5 ends of a linear alkane of C 1 - C s , preferably, - C 4 . Examples of lower alkylene available and preferred are 
methylene, ethylene and propylene. 

The term "lower alkenylene" means a group formed by taking a hydrogen atom from each carbon at both 
ends of a linear alkene of C 2 - C 6 , preferably, C 2 - C 4 . Examples of lower alkenylene available and preferred 
are vinylene, propenyiene, butenyiene- 
10 Examples of substituents in the definition of "optionally substituted phenylene" include halogen, lower al- 

kyi, lower alkoxy and the like. 

Examples of substituents in the definition of "optionally substituted alkylene" include lower alkyt, hydrox- 
yaikyi, alkoxyalkyl, lower alkoxy, hydroxy, phenyl and the like. Phenyl may have a substituents). 

Examples of substituents in the definition of "optionally substituted alkenylene" include lower alkyl, hy- 
15 droxyalkyl, alkoxyalkyl, lower alkoxy, phenyl and the like. Phenyl may have a substituent(s). 

The term "heterocyclic ring" means a cyclic group containing 1-4 hetero atoms selected from sulfur, ni- 
trogen and oxygen, for example, pyridyl, furfuryl, thienyl, thiazolyl, isothiazolyl, oxazolyi, isoxazolyl, imidazolyl, 
triazolyl and tetrazolyl. 

The term "cycloalkyl" means cycloalkyl of 3 - 7 carbon atoms, for example, cyclopropyi, cyclobutyl, cydo- 
20 pentyl, cyclohexyl and cycloheptyl. A C3 - C 5 cycloalkyi, particularly cyclopropyi, is preferred. 

The term "aryl" means phenyl or naphthyl. As defined by the term "optionally substituted aryl", aryl may 
have one or more substituents selected from halogen, lower alkoxy, lower alkyl, nitro and trif luoromethyl. Ex- 
amples of optionally substituted aryl include phenyl, 4-chlorophenyl, 4-methoxyphenyl, 4-methylphenyl. 4-ni- 
trophenyl, 3,4-dichlorophenyl, 3,4-dimethoxyphenyi, 3,4-dinitrophenyl, 1-naphthyl and 2-naphthyl. 
25 The term "arylalkyl" means a group formed by substituting a lower alkyl group as defined above with an 

aryl group(s), which may be substituted with one or more substituents) similar to those described in the def- 
inition for "optionally substituted aryl". Examples of optionally substituted arylalkyl include benzyl, 4-chloro- 
benzyl, 4-methoxybenzyl, 4-methylbenzyloxy, 3,4-dichiorobenzyl, 3,4-dimethoxybenzyl, 4-nitrobenzyl, 2-phe- 
nylethyl, 2-(4-chlorophenyl)ethyl, 2-(4-methoxyphenyl)ethyl, 1-naphtylmethyl and 2-naphtylmethyl with a pref- 
30 erence for benzyl. 

The term "arylalkyloxy" means a group formed by substituting a lower alkoxy group as defined above with 
an aryl group(s), which may be substituted with one or more substituents) similar to those described in the 
definition for "optionally substituted aryl". Examples of optionally substituted arylalkyloxy include benzyloxy, 
4-chlorobenzyloxy, 4-methoxybenzyloxy, 4-methylbenzyloxy, 3,4-dichlorobenzyk>xy, 3,4-dimethoxybenzy- 
35 loxy, 4-nitrobenzyioxy, 2-phenylethyloxy, 2-(4-chlorophenyl)ethyloxy, 2-(4-methoxyphenyl)ethyloxy, 1-naph- 
tylmethyloxy and 2-naphtylmethyloxy with a preference for benzyloxy. 

Examples of substituents in the definition of "substituted lower alkyl" include halogen, hydroxy, lower al- 
koxy, amino, lower alkylamino, di-lower-alkyiamino and the like. 

N-protecting groups usable in the present method can be selected from those conventionally used in the 
40 art, for example, tert-butoxycarbonyl, benzyl oxycarbonyl, benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 4- 
nitrobenzyl, trimethylsilyl, dimethyl-tert-butylsilyl, diphenyl-tert-butylsilyl and the like. 

Bases usable in the present invention include organolithium compounds such as n-butyilithium, sec- bu- 
tyl lithium, tert-butyllithium, phenyllithium, lithium diisopropylamide (LDA), lithium bis(trimethyisilyl)amide 
(Li HMDS) and the like. LDA and LiHMDS are preferred. 
45 The present methods can be effected by using any starting compounds I and II though, there are certain 

preferable compounds, for example, compounds I wherein X is lower alkoxy, especially methoxy, and com- 
pounds II wherein Y is S0 2 . The most preferred compound to be produced is (E}-5-(3,5-di-tert-butyl-4-hydrox- 
ybenzylidene)-2-ethyl-1 ,2-isothiazolidine-1 t 1-dioxide. 

The method of the present invention will be explained below in detail employing certain compounds to fa- 
50 cilitate understanding. These compounds are used simply for illustrative purpose, and one of ordinary skill in 
the art can easily determine that any compounds of the formula III can be prepared according to the present 
invention by selecting appropriate starting materials. 
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Stepl 



CI 




HC(OR 4 ) 3 
NH4CI 




CMe 3 CMe 3 

7 ( R 4 = Me, Et ) 1b, c ( R 4 = Me, Et ) 



The starting material, quinone methide 1 (i.e., 4-substrtuted methylene-2,6-di-tert-biJtyi-2 t 5-cyciohexa- 
diene-1-one) (compound I) can be prepared by any one of known methods in the art Thus, compounds of the 
formula I wherein X is halogen and those wherein X is lower alkoxy can be prepared according to teachings 
in USP No. 5,093,363 corresponding to EP Publication No. 414206 and J. Org. Chem. 35, 3714-3717 (1970), 
respectively, as shown in the reaction scheme above. 

Compound 1a (4-ch!oromethylene-2,6-di-tert-buty1-2 t 5-cyclohexadiene-1-one) can be obtained by treat- 
ing 3,5-Df-tert-butyl-4-hydroxybenzaJdehyde 6 with methane sulfonyl chloride in the presence of triethyl amine. 

Compounds 1b and 1c wherein R 4 is methyl and ethyl, respectively are readily obtained by converting com- 
pound 6 into acetal compound 7 in a conventional manner and heating the resultant compound 7. 
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Step 2: Reaction of Compounds I and II 



X 




CMe 3 



Prior to the reaction, compound (2) is treated with a base, especially with an organolithium compound, to 
allow to generate an anion. Examples of organolithium compounds usable in the present method include those 
commonly used in the field of organic chemistry such as n-butyilrthium, sec-butyllithium, tert-butytlithium, phe- 
nyllithium, lithium diisopropyl amide (LDA), lithium bis(t ri methyl si lyl)amide (LiHMDS) and the like. Reaction is 
carried out in a solvent selected from ether solvents such as ether, tetrahydrof uran (THF), dimethoxyethane, 
dioxane and the like; and hydrocarbon solvents such as n-hexane, benzene, toluene and the like, or a mixture 
thereof, in the presence of hexamethylphosphoramide (HMPA), tetramethylethylenediamine and the like, pre- 
ferably in a single solvent of THF. 

About 0.1 to 2 equivalents, preferably 0.5 to 1 equivalent of a quinone methide prepared in step 1 (e.g., 
compound 1a-c) is reacted with an anion of compound 2 prepared above at about -100 to 50°C, preferably at 
-70 to 0°C until the reaction is complete. The resultant product is treated with an appropriate acid to give the 
desired compound 3. Example of acids usable include inorganic acids such as hydrochloride and organic acids 
such as p-toluenesulfonic acid. 

The following Examples are provided to further illustrate the present invention and are not to be construed 
as limiting thereof. 

Preparation 1 

Preparation of 4-Chloromethylene-2,6-di-tert-butyl-2,5-cyclohexadiene-1-one (1a) 



CI 




CMe 3 CMe 3 
6 1a 

To a solution of 3 ,5-di-tert-butyl-4- hydroxy be nzaldehyde (6) (7.02 g, 30 mmole) in methylene chloride (70 
ml) was added dropwise triethylamine (8.36 ml, 60 mmole). After the addition of methanesulfonyl chloride (4.7 
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ml, 60 mmole), the mixture was heated to reflux for 5 hr. The resultant reaction mixture was concentrated under 
reduced pressure to yield the crude product (1a) (8.156 g), which was used in the next step without further 
purification. 

NMR(CDd 3 )6ppm: 1.28(9H ( s) f 1.32(9H f s), 6.81(1H, d, J=2.4Hz), 7.42(1H, d, J=2.4Hz). 
Preparation 2 

Preparation of 2 ? 6-di-tert-Butyl»4-methoxymethylene-2 > 5-cydohexadiene-1-one (1b) 
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Me 3 C 



HO 




s 



CMe 3 
6 



CHO Me 3 C 
HC(OMe) 3 



NH 4 CI 
xylene 




OMe 



Me 3 C 




CMe 3 
1b 

To anhydrous xylene (60 ml) were added compound (6) (23.4 g, 0.1 mole), ethyl orthofbrmate (60 ml) and 
absolute methanol (60 ml) successively. After addition of ammonium chloride (2 g), the mixture was heated to 
reflux for 1 hr. The resultant reaction mixture was concentrated at ordinary pressure to distill off about 150 ml 
of solvent The residue was cooled to room temperature by adding anhydrous xylene (200 ml) and filtered 
through cotton plug to remove ammonium chloride. The filtrate was heated to reflux for 24 hr in Diean-Stark 
apparatus equipped with 4A molecular sieves and concentrated under reduced pressure to yield brown crys- 
talline residue. The residue, when recrystallized from a mixture of petroleum ether and ligroin, gave the ob- 
jective compound (1b) (20.32 g, 82 %). M.p. 137-139°C. 

NMR (Dg-acetone) Sppm: 1.61(9H t s). 1.64(9H, s). 4.43(3H, s), 3.68(1 H, d t J=2.2Hz), 7.76-7.82(2H, m). 
Preparation 3 

Preparation of 2,6-di-tert-Butyl-4-ethoxymethy1ene-2 > 5-cyclohexadiene-1-one (1c) 

Compound (6) (23.4 g, 0.1 mole), ethyl orthoformate (60 ml), absolute methanol (60 ml) and ammonium 
chloride (2 g) were reacted in anhydrous xylene (60 ml) and the resultant reaction mixture was treated in a 
manner similar to that described in Preparation 2 to yield the objective compound (1c) (22.01 g, 84 %). M.p. 
114-117°C. 

NMR (De-acetone) 6ppm: 1.61(9H, s). 1.64(9H, s), 1.75(3H, t, J=7.0Hz), 4.69(2H, q, J=7.0Hz), 3.68(1 H, d, 
J=2.2Hz), 7.76-7.82(2H, m). 
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Example 1 

Preparation of (E)-5-(3,5-di-tert-Butyl-4-hydrox^ 
(3a) by Method (A) 
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CMe 3 
1a 



O w O 
2a 



LDA 



THF 



On ,0 



N-C 2 H 5 



HO 

CMe 3 

3a 

Lithium diisopropylamide (hereinafter, referred to as LDA) solution was prepared by adding dropwise dii- 
sopropylamine (10.58 ml, 73 mmole) to a solution of n-butytlithium in n-hexane (1 .68 M, 39 ml, 66 mmofe) with 
stirring and ice-cooling over 20 min followed by stirring for another 15 min. The LDA solution was cooled to - 
78°C and combined with THF (60 ml) and hexamethylphosphoramide (hereinafter, referred to as HMPA) (12 
ml). To the resultant solution was added dropwise a solution of N-ethyl- 1, 2- isothiazolidine-1,1 -dioxide (2a) 
(4.47 g, 30 mmole) in THF (30 ml) at -70 to -65°C, and the mixture stirred at -70°C for 30 min. To the reaction 
mixture was added dropwise a solution of crude 4-chloromethylene-2 ( 6-di-tert-butyl-2,5-cyclohexadiene-1- 
one (1a) (30 mmole) prepared in Preparation 1 above in THF (30 ml) at -70 to -65°C. After stirring at -70°C for 
30 min and then at room temperature for 1 hr, the reaction mixture was poured into ice-cooled water containing 
2N HCI (40 ml) and extracted with ethyl acetate (350 ml) (x2). The ethyl acetate solution was washed with water 
(50 ml) (x3) and a saturated brine (50 ml), dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent The residue (12.73 g) was dissolved in toluene (150 ml). To the solution was 
added p-toluensulibnic acid (p-TsOH) hydrate (1 .87 g, 9.8 mmole) and the mixture heated to reflux for 30 min. 
The reaction mixture was poured into dilute aqueous solution of sodium hydrogencarbonate (100 ml) and ex- 
tracted with ethyl acetate (300 ml). The organic layer was washed with water (150 ml) followed by a saturated 
brine (1 50 ml), dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent 
The residue, when purified by the use of column chromatography on silica gel eluting with toluene/ethyl acetate 
(2:1) and recrystallized from dichloromethane/diisopropyl ether, gave 1 .86 g (1 7 %) of the objective compound 
(3a). M.p. 135-137°C. 

NMR (CDCI3) 5ppm: 1.29(3H, t J=7.2Hz), 1.45(18H, s), 3.07-3.19(4H, m), 3.28(2H, q, J=7.2Hz), 5.50(1H, s), 
7.24-7.26(3H, m). 



Elementary analysis (C2oH 31 N03S) 


Calcd.: 
Found : 


C, 65.71; 
C, 65.65; 


H, 8.55; 
H, 8.43; 


N, 3.83; 
N, 3.85; 


S, 8.77 
S, 8.78. 
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Example 2 

Preparation of Compound (3a) by Methods (B) and (C) 



5 



10 




CMe 3 2a 
1b 

15 

(1) Method (B) 

LDA solution was prepared by adding dropwise diisopropyiamine (29.72 ml, 0.21 mole) to a solution 
of n-butyllithium in n-hexane (1.60 M, 125 ml, 0.2 mole) with stirring and ice-cooling over 20 min followed 
by stirring for another 15 min. The LDA solution was cooled to -78°C and combined with THF (320 ml). To 

20 the resultant solution was added dropwise a solution of N-ethyM ,2-isothiazolidine-1 ,1-dioxkJe (2a) (29.84 

g, 0.2 mole) in THF (60 ml) at -70 to -65°C. After stirring at -70°C for 30 min, to the reaction mixture was 
added dropwise a solution of 2 f 6-di-tert-butyl-4-methoxymethylene-2 f 5-cyciohexadiene-1-one (1b) (24.8 
g, 0.1 mole) prepared in Preparation 2 above in THF (60 ml) at -70 to -65°C. The reaction mixture was 
warmed to -30°C and stirred for 2.5 hr, poured into ice-cooled water containing 2N HCI (226 ml) and ex- 

25 tracted with ethyl acetate (500 ml) (x2). The organic layer was washed with water (200 ml) and a saturated 
brine (200 ml), dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 
solvent The residue (48.77 g), when recrystallized from dichloromethane/diisopropyl ether, gave 30.2 g 
(83 %) of the objective compound (3a). 

(2) Method (C) 

30 Procedures herein employed were substantially the same as those described in Method (B) above ex- 

cept that lithium bis(trimethylsilyi)amide (LiHMDS) was used instead of LDA. 

To a solution of compound (2a) (7.625 g, 51.1 mmole) in THF (50 ml) was added dropwise a solution 
of LiHMDS (1.0 M in THF) (56.2 ml, 56.2 mmole) with stirring and ice-cooling and the resultant mixture 
stirred at room temperature for 30 min. To the reaction mixture was added dropwise a solution of compound 

35 (1b) (6.35 g, 25.5 mmole) prepared in Preparation 2 above in THF (60 ml) with stirring and cooling at -55 

to -48°C. The reaction mixture was gradually warmed to room temperature over about 1 hr. After the re- 
action is complete, the reaction product was treated in a similar manner as that described in (1) above to 
yield the objective compound (3a) (5.0 g, 54 %). 

40 



45 



so 
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Example 3 

Preparation of Compound (3a) by Method (D) 



OEt 




LDA solution was prepared by adding dropwise diisopropyiamine (7.43 ml, 52.5 mmole) to a solution of n- 
butyllithium in n-hexane (1.60 M, 31 ml, 50 mmole) with stirring and ice-cooling over 20 min followed by stirring 
for another 15 min. The LDA solution was cooled to -78°C and combined with THF (80 ml). To the resultant 

30 solution was added dropwise a solution of compound (2a) (7.46 g, 50 mmole) in THF (15 ml) at -70 to -65°C 
and stirred at -70°C for 30 min. To the reaction mixture was added dropwise a solution of 2,6-di-tert-butyl-4- 
ethoxymethylene-2,5-cyclohexadiene-1-one (1c) (6.56 g, 25 mmole) prepared in Preparation 3 in THF (15 ml) 
at -70 to -65°C. The reaction mixture was warmed to -30°C, stirred for 4.0 hr, poured into ice-cooled water con- 
taining 1N HQ (130 ml), and extracted with ethyl acetate (300 ml) (x2). The organic layer was washed with 

35 water (1 00 ml) and a saturated brine (200 ml), dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent The residue (13.8 g), when recrystallized from dichloromethane/diisopropyl 
ether, gave 6.01 g (66 %) of the objective compound (3a). 
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Example 4 

Preparation of (E)-5-(3,5-di-tert-Butyl-4-hydroxybenzylidene)-2-methyt-1, 2- isothiazol id in e- 1,1 -diox- 
ide (3b) 

5 



OMe 




LDA solution was prepared by adding dropwise diisopropytamine (9.34 ml, 72 mmole) to a solution of n- 
butyllithium in n-hexane (1 .60 M, 39 ml, 66 mmole) with stirring and ice-cooling over 20 min followed by stirring 
for another 15 min. The LDA solution was cooled to -78°C and combined with THF (160 ml). To the resultant 

30 solution was added dropwise a solution of N-methyl- 1,2- isothiazolidine- 1,1 -dioxide (2b) (8.96 g, 60 mmole) in 
THF (40 ml) at -70 to -65°C and the mixture stirred at -70°C for 30 min. To the reaction mixture was added 
dropwise a solution of compound (1b) (7.45 g, 30 mmole) prepared in Preparation 2 above in THF (40 ml) at 
-70 to -65°C. After stirring at -70°C for 1 hr, the reaction mixture was poured into ice-cooled water containing 
1 N HCI (1 70 ml) and extracted with ethyl acetate (300 ml) (x2). The organic layer was washed with water (200 

35 ml) and a saturated brine (200 ml), dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue (17.8 g) was dissolved in toluene (350 ml). To the solution was added p- 
toluenesuifonic acid (p-TsOH) hydrate (3.70 g, 19.5 mmole) and the mixture heated to reflux for 30 min at 
125°C. The reaction mixture was poured into saturated aqueous solution of sodium hydrogencarbonate (150 
ml) and extracted with ethyl acetate (150 ml). The organic layer was washed with saturated aqueous solution 

40 of sodium hydrogencarbonate (150 ml), water (100 ml) and a saturated brine (100 ml), dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent The residue, when re crystallized 
from dichloromethane/diisopropyl ether to give 7.31 g (69 %) of the objective compound (3b). M.p. 168-170°C. 
NMR (CDCI 3 ) Sppm: 1.45(18H, s), 2.76(3H, s), 3.07-3.18(2H f m), 3.20-3.32(2H, m), 5.51(1H, s), 7.23-7.29(3H, 
m). 



Elementary analysis (C^gH^NOsS) 


Calcd.: 
Found : 


C, 65.71; 
C, 65.65; 


H, 8.55; 
H, 8.43; 


N, 3.83; 
N, 3.85; 


S, 8.77 
S, 8.78. 



55 
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Example 5 

Preparation of 2-Cyclopropy1-5-(3,5-d^ 
Ide (3c) 



OMe 




CMe 3 



In accordance with the method described in Example 2 (1) above, the objective compound (3c) was ob- 
tained by preparing LDA solution from a solution of n -butyl lithium in n-hexane (1.60 M, 12.5 ml, 20 mmole) 
and diisopropylamine (2.97 ml, 21 mmole), adding THF (20 ml) to the LDA solution, reacting the resultant mix- 
so ture with a solution of N-cyclopropyl-1 f 2-isothiazolidine-1 ,1-dioxide (2c) (3.22 g, 20 mmole) in THF (1 0 ml) and 
then with a solution of compound (1b) (2.48 g t 10 mmole) in THF (10 ml), and treating the resultant reaction 
mixture in the same manner as described above. Yield, 2.57 g (68 %); m.p. 202-204°C. 
NMR (CDCI 3 ) Sppm: 0.68-0.90(4H, m), 1.44(18H, s), 2.28-2.40(1H, m), 3.08(2H, dt, J=2.6, 6.7Hz), 3.36(2H, t, 
J=6.7Hz), 5.51 (1H, s), 7.20-7.25(3H, m). 



Elementary analysis (C21H 


31NO3S) 






Calcd.: 


C, 66.81; 


H f 8.28; 


N t 3.71; 


S, 8.49 


Found : 


C f 66.76; 


H, 8.03; 


N, 3.72; 


S, 8.41. 
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Example 6 

Preparation^^ 
(3d) 



OMe 




LDA 
THF 



In accordance with the method described in Example 2 (1) above, the objective compound (3d) was ob- 
tained by preparing LDA solution from a solution of n-butyilithium in n-hexane (1.60 M, 12.5 ml, 20 mmole) 

30 and diisopropylamine (2.97 ml, 21 mmole), adding THF (20 ml) to the LDA solution, reacting the resultant ma- 
ture with a solution of N-methoxy-1,2-isothiazdidine-1,1 -dioxide (2d) (2.48 g t 20 mmole) in THF (10 ml) and 
then with a solution of compound (1b) (2.48 g, 10 mmole) in THF (10 ml), and treating the resultant reaction 
mixture in the same manner as described above. Yield, 2.46 g (67 %); m.p. 166-168°C. 
NMR (CDCI 3 )Sppm: 1.45(18H, s), 3.11(2H, dt, J=2.8, 7.0Hz), 3.66(2H, t, J=7Hz), 3.81(3H, s), 5.55(1H, s), 7.25- 

35 7.35(3H, m). 





Elementary analysis (C 19 H2gN0 4 S) 




Calcd.: 


C, 62.10; 


H, 7.95; 


N, 3.81; 


S, 8.72 


40 


Found : 


C, 61.90; 


H, 7.88; 


N, 3.91; 


S, 8.67. 
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Example 7 

Preparation of (E)-5-(3,5-di-tert-Butyl-4-hydroxybenzylidene)-2-phenyl-1,2-tsothiazolidinQ-1 ,1 -diox- 
ide (3e) 



OMe 



10 



LDA 



THF 



15 



CMe 3 
1b 



2e 



Me 3 C 



20 



25 




CMe 3 



3e 



30 



In accordance with the method described in Example 2 (1) above, the objective compound (3e) was ob- 
tained by preparing LDA solution from a solution of n-butyllithium in n-hexane (1.60 M, 12.5 ml, 20 mmole) 
and diisopropylamine (2.97 ml, 21 mmole), adding THF (20 ml) to the LDA solution, reacting the resultant mix- 
ture with a solution of N-phenyl-1 ,2-isothiazolidine-1,1-dioxide (2e) (3.95 g, 20 mmole) in THF (10 ml) and then 
with a solution of compound (1 b) (2.48 g, 10 mmole) in THF (10 ml), and treating the resultant reaction mixture 
in the same manner as described above. Yield, 2.27 g (55 %); m.p. 195 - 196°C 

NMR (CDCI 3 ) Sppm: 1.47(18H, s), 3.31(2H, d, t, J=2.6, 6.6Hz), 3.80(2H, t, J=6.6Hz), 5.54(1H, s), 7.17-7.26(3H, 
m). 



35 


Elementary analysis (C24H 31 N03S) 




Calcd.: 


C, 69.70; 


H, 7.56; 


N, 3.39; 


S, 7.75 




Found : 


C, 69.68; 


H, 7.47; 


N, 3.32; 


S, 7.71. 



40 



45 



50 
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Example 8 

Preparation of (E)-4-(3 t 5-di-tert-Butyl-4-hydroxybenzylideney2-met hyl-3,4,5,6-tetrahydro-1 ,2-oxazin- 
3-one (3f) 



10 



15 



20 



25 



OMe 





LDA 



THF 



4a 



Me 3 C 




CMe 3 



3f 



30 



35 



40 



45 



In accordance with the method described in Example 2 (1) above, a solution of LDA in THF (710 ml) was 
prepared from a solution of n-butyllithium in n-hexane (1.63 M, 174 ml, 283.6 mmole) and diisopropylamine 
(37.8 ml, 283.5 mmole), to which were added dropwise a solution of compound (1b) (31.1 g, 270 mmole) in 
THF (200 ml) and compound (4a) (26.8 g, 108 mmole) in THF (300 ml) successively with stirring and cooling 
at -50 to -55°C, and the resultant reaction mixture was gradually warmed up to room temperature over about 
1.5 nr. The reaction mixture was treated with a saturated aqueous solution of ammonium chloride (1 .2 1) and 
extracted with ethyl acetate (1 .2 1). The ethyl acetate extract was washed with water (1 1), dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent The residue was chromatographed 
on silica gel. The objective compound (3f), which is a known compound in Drugs of the Future 17 (1): 12-14 
(1992), was obtained from fractions eluted with n-hexane/ethyl acetate (5:1). Yield, 15.19 g (42%); m.p., 174 
- 176°C. 

IR (KBR) cm-': 3223, 1642, 1574, 1437, 1194. 

NMR (CDCI 3 ) 8ppm: 1.45(18H, s, 2 x *Bu), 3.04(2H, dt, J=2.2, 6.0Hz, CH2), 3.35(3H, s, CH3), 4.20(2H, t, 
J=6.0Hz, CH2), 5.45(1 H, s, OH), 7.32(2H, s, 20~ArH), 7.76(1 H, t, J=2.2Hz, CH). 



Elementary analysis (C20H29NO3) 


Calcd.: 
Found : 


C, 72.47; 
C, 72.43; 


H, 8.82; 
H, 8.86; 


N, 4.23 
N, 4.29. 



50 
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Example 9 

Preparation of (E)-6-(3>di-tert-Buty^^ 
zln-1,1 -dioxide (3g) 



10 



15 



20 




In accordance with the method described in Example 2 (1) above, to a solution of LDA prepared from a 
solution of n-butyllithium in n-hexane (1.60 M f 2.5 ml, 20 mmole) and diisopropyl amine (2.97 ml, 21 mmole) 
was added THF (20 ml) and the resultant solution was reacted with a solution of compound (4b) (3.03 g, 20 
30 mmole) in THF (10 ml) and compound (1b) (2.48 g, 10 mmole) in THF (10 ml) successively. The resultant re- 
action mixture was treated in a similar manner as above to yield the objective compound (3g). Yield, 2.31 g 
(63 %); m.p., 215 - 216.5°C. 

NMR (CDCI3) 8ppm: 1.44(18H, s,2x Bu«), 3.00(3H, s, CH3), 3.26-3.32(2H, m, CH2), 4.12-4.17(2H, m, CH2), 
5.49(1H, s, OH), 7.15(2H, s, Ar-H), 7.55(1H, broad, CH). 



35 


Elementary analysis (C^^NO^S) 




Calcd.: 


C, 62.10; 


H, 7.95; 


N, 3.81; 


S, 8.72 




Found : 


C, 62.03; 


H, 7.91; 


N, 3.92; 


S, 8.51. 



40 
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Example 10 

Preparation of (E)-5-(3,4~di-tert-Butyl-4- hydroxy benzyl idene)-2-(4-methoxy benzyl )-1,2-i8Qthiazoli- 
dine-1,1 -dioxide (3h) 

OMe 



10 



15 



20 




LDA 
THF 



CMe 3 

3h 



In accordance with the method described in Example 2 (1) above, to a solution of LDA prepared from a 
solution of n-butyllithium in n-hexane (1.60 M t 81 ml, 0.130 mole) and diisopropylamine (18.5 ml, 0.132 mole) 
was added THF (80 ml) and the resultant solution was reacted with a solution of compound (2f) (28.98 g, 0.120 
30 mole) in THF (120 ml) and compound (1 b) (15 g, 60 mmole) in THF (120 ml) successively. The resultant reaction 
mixture was treated in a similar manner as above to yield the objective compound (3h). Yield, 25.55 g (93 %); 
m.p., 189- 192°C. 

NMR (CDCI 3 ) 6ppm: 1.44(18H, s, 2 x Bu*) f 3.03-3.1 8(4H, m, 2 x CHJ, 3.81(3H, s, OMe), 4.16{2H, s t CH2), 
5.50(1 H, s, OH), 6.88(2H, d, J=8.8Hz, 2 x Ar-H), 7.24-7.27(5H, m, 4 x Ar-H+CH). 



Bementary analysis (C26H35NO4S) 


Calcd.: 
Found : 


C, 68.24; 
C, 68.08; 


H, 7.71; 
H, 7.70; 


N, 3.06; 
N, 3.08; 


S,7.01 
S, 6.96. 



As is described above, the present invention provides a method for effective and stereoselective prepa- 
ration of benzylidene derivatives of the formula III including pharmaceutically useful compounds such as non- 
steroidal a nti- inflammatory agents in high yield, and thereby rendering industrial production thereof available 
and contributing to the improvement of researches and development of medicinal drugs. 

The invention also includes a method of producing a pharmaceutical composition having anti-inflammatory 
activity wherein a compound in accordance with formula III of claim 1 is prepared using a method as claimed 
in anyone of claims 1 to 7 and thereafter said compound is formulated with a diluent, excipient or carrier to 
provide said composition. 



Claims 

1. A method for producing compounds of the formula III: 
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N-R 



Iff 



wherein R 1 and R 2 each independently is lower alkyl, lower alkoxy or halogen; Y is S0 2 , SO or CO; -A- 
is optionally substituted lower alkylene; -B- is -CH 2 - or -O-; or -A- and -B- taken together may form op- 
tionally substituted phenyiene or optionally substituted lower alkenyiene; and R is hydrogen, optionally 
substituted lower alkyl, cycloalkyt, lower alkoxy, hydroxy, optionally substituted aryi, optionally substituted 
arylalkyl; optionally substituted arylalkyloxy, heterocyclic ring or N-protecting group, which comprises re- 
acting a compound of the formula I: 



wherein R 1 and R 2 are as defined above and X is lower alkoxy or halogen with a compound of the formula 
II: 



wherein Y, -A-, -B- and R are as defined above in the presence of a base. 
The method as claimed in claim 1, wherein X is lower alkoxy. 
The method as claimed in claim 2, wherein X is methoxy. 
The method as claimed in claim 1, wherein Y is S0 2 . 

The method as claimed in claim 1, wherein the base is an organolithium compound. 

The method as claimed in claim 5, wherein the base is lithium diisopropylamide or lithium bis(trimethyl- 
silyl)amide. 

The method as claimed in claim 1, wherein the reactants are such as to produce (E)-5-(3,5-di-tert-butyl- 
4-hydroxybenzylidene)-2-ethy1-1,2-isothiazolidine-1J-dioxide, as the compound of formula III. 

A method of producing a pharmaceutical composition having anti-inflammatory activity wherein a com- 
pound in accordance with formula III of claim 1 is prepared using a method as claimed in anyone of claims 
1 to 7 and thereafter said compound is formulated with a diluent, excipient or carrier to provide said com- 
position. 





A-B 



19 



EP 0 626 377 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 94 30 3687 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of 4 



CLASSIFICATION OF THE 
APPLICATION (IbLCLS) 



A 
A 

D,A 



P.D, 
X 



FR-A-2 634 764 (BI0F0R LTD) 

* claims * 

EP-A-Q 525 197 (SHION06I SEIYAKU K.K.) 

* page 4, line 45 - page 6, line 32; 
claims * 

EP-A-0 414 206 (SHIONOGI AND CO., LTD) 

* claims * 

EP-A-0 595 546 (SHIONOGI AND CO., LTD) 

* claims * 



The present searcfc revolt has beta arms Bp lor all dabm 



l 
l 

l 

1.8 



C07D275/02 
C07D265/02 
C07D291/06 
A61K31/425 
A61K31/535 
A61K31/54 



TECHNICAL FKLDS 
MMltami QBLCL5) 



C07D 



tUta •immta. 

THE HAGUE 



26 July 1994 



Henry, J 



CATEGORY OF CITED DOCUMENTS 

X : pwtkxlaity relevant If taken done 
Y : partcnlaitj relevant If osotUael with another 
tocoaeal of th* i 

A: 
O: 
P:i 



T : thny or principle raeiHitni 
E : earlier patent eoauaest, but 
after toe fittog lata 



gtBchmntioB 
pobfeWe cm, or 



r of fees 



tfazaUy, 



20 



